Abstract
Introduction 2 7
The role of microbiota is being revisited due to its emerging role in pathologies that were 2 8 previously considered non-microbial [1, 2] . For instance, bacteriophages have been 2 9 recently found to be associated with the development of specific human diseases, such 3 0 as Parkinson's disease and type 1 diabetes [3] [4] [5] . Particular attention to diseases 3 1 triggering has also been drawn by pathogen-associated molecular patterns (PAMPs), Proteins that became heat-resistant following eDNA treatment but had no heat 1 0 5 resistant fractions before. These findings clearly demonstrated that human DNA and eDNA from different 1 0 9
bacteria had a distinct influence on the generation of heat-resistant protein fractions.
To further analyse the correlation between DNA exposure and acquisition of heat resistance, we 1 1 1 constructed a heat map summarizing the impact of different DNAs on the thermal behaviour of 1 1 2 proteins (Fig 1)  1  1  3 Plasma exposure to the eDNA of P. aeruginosa resulted in the formation of 12 heat- negative bacteria, E. coli. The latter, in turn, changed the heat resistance profile of 1 1 7 distinct proteins in the same plasma samples. Notably, whereas bacterial eDNA 1 1 8 induced heat resistance of a broad spectrum of unrelated proteins, plasma exposure 1 1 9
to human DNA only affected the thermal behaviour of a specific group of proteins, 1 2 0 i.e., cytoskeletal keratins.
Since prion domains may be responsible for protein heat resistance, we next the 1 2 2 employed the prion-prediction PLAAC algorithm to verify the presence of PrDs in 1 2 3 proteins exhibiting changes in thermal behaviour following DNA treatment.
2 4
We only found PrDs in CHD7 and K1C10, which became heat-resistant following the 1 2 5
exposure to E. coli eDNA and keratins (K2C1, K1C9, K1C10), which acquired heat 1 2 6 resistance upon treatment with both P. aeruginosa eDNA and human DNA (Table 3) .
Notably, these were the only proteins undergoing thermal behaviour alterations following exposure to human DNA. We next analysed the association between DNA-induced changes in protein thermal behaviour and human diseases. Surprisingly, the majority of these proteins had been
found associated with cancer progression and some of them are used as a tumour 1 3 7 markers (Table 4) . Intriguingly, some of these cancer-related proteins are also known to be associated with CHD7 is known to be implicated in autism [63] [64] [65] . We then examined the changes in protein thermal behaviour induced by DNA in After boiling, the plasma samples of patients with pancreatic cancer were
characterized for the presence of heat-resistant proteins. Notably, the majority of
these proteins were the same that became heat-resistant in normal plasma exposed
to DNA treatment. This might suggest that DNA exposure is responsible for cancer-
related alterations in the thermal behaviour of specific proteins. To further explore the relationship between the heat-resistant proteome of patients healthy individuals, we analysed the scaled spectral counts of the identified heat- The PCA projection demonstrated that the exposure to bacterial DNA (especially the confirmed that treatment of normal plasma with eDNA of P. aeruginosa induced a heat-
resistant proteome that had a trend (statistically insignificant) more similar to that of
plasma from cancer patients than to untreated plasma ( Figure 2B ). This study is the first to demonstrate that bacterial eDNA alters the thermal behaviour of specific proteins in human plasma, leading to an increase in the heat-resistant fraction,
as well as to the acquisition of heat resistance by proteins that did not exhibit such For treatment of plasma samples, we used a fixed concentration of bacterial or human 1 8 3 DNA, 1 µg/mL, which was selected based on previous studies reporting the presence of 1 8 4 similar concentrations of circulating cfDNA in patients with cancer [66, 67] .
We discovered that bacterial eDNA or human DNA led to the appearance of different
heat-resistant proteins, depending on the DNA source. (Table 1; Supplementary table 1) .
Notably, among the 35 identified proteins with increased heat-resistance following DNA 1 9 2 exposure, according to literature data and BindUP tool, only 3 have been previously reported to be able to bind nucleic acids, namely, fibronectin, chromodomain-helicase- Heat resistance was previously described only for complement factor H and fibronectin, whereas the other proteins found to contain heat-resistant fragments in this study were Previous studies have shown that one possible mechanism responsible for the Notably, these proteins exhibited a high likelihood ratio (LLR between 21 to 29), and 2 0 6 therefore were highly probable to display a prion-like behaviour since the lowest LLR Interestingly, the PrD-containing K2C1, K1C9, and K1C10 were the only proteins that DNA that induced heat resistance in proteins with PrDs was P. aeruginosa eDNA. E. Changes in the thermal behaviour of PrD-containing proteins could be due to the DNA- formation of cross-β structures [79, 80] .
However, the majority of proteins undergoing eDNA-dependent changes in heat resistance identified in the current study did not contain PrDs. This suggested that 2 2 0 eDNA caused a PrD-independent induction of heat resistance in these proteins. We absence of prion-like structure, "Tetz-proteins". Next, we analysed the association between proteins that acquired DNA-induced heat related to a variety of diseases, predominantly cancers. For example, C4BP, CHD7, and KLK2 are known as tumour biomarkers, while CD5L, 2 2 8 EIF5A1, FINC, and SEPP1 are not only described as biomarkers but also known to 2 2 9 participate in tumour progression [31, 33, 57, 81] .
Our findings suggested a novel role of bacterial eDNA in disease development, and We next studied the presence and composition of heat-resistant proteins in the plasma 2 3 7 of patients with pancreatic cancer. The cancer was selected since the majority of proteins that became heat-resistant following bacterial eDNA exposure had been found 2 3 9 to be associated with this pathology. The heat-resistant proteins identified by boiling 2 4 0 pancreatic cancer plasma were the same that acquired heat resistance in normal 2 4 1 plasma upon exposure to eDNA. We here provide the first demonstration that these Next, the heat-resistant proteome of cancer patients was compared with that of control statistically insignificant a trend toward increased similarity to that of plasma samples 2 4 8 from cancer patients, and this effect was maximal when the eDNA of P. aeruginosa was 2 4 9 employed. We believe that a larger cohort may provide more statistically significant It is tempting to speculate that DNA, including bacterial eDNA, may function as a may be relevant for tumorigenesis or for other pathologies. Notably, we also found an 2 6 0 effect on proteins implicated in neurodegeneration and psychotic disorders. Sciences (Los Osos, CA). All patients with pancreatic ductal adenocarcinoma had been genomic DNA (Roche Cat#11691112001) was purchased from Sigma (Sigma-Aldrich). DNA was added to plasma samples at the final concentration of 1 µg/mL, incubated at 2 9 0 37 °C for 1 h, and boiled in a water bath at 100 °C for 15 min (by that time all the 2 9 1 samples formed clod by coagulated proteins). Samples were cooled at room 2 9 2 temperature for 30 min and centrifuged at 5000 g for 10 min at room temperature. The filter (Millipore Corporation, USA). 
Protein identification by LS-MS

9 7
The filtered protein-containing supernatant was diluted in a final volume of 100 µL using 2 9 8 100 mM ammonium bicarbonate, pH 8, and quantified using a Nanodrop OneC Spectrophotometer (Thermo Fisher Scientific). Cysteine residues were reduced using 5 3 0 0 mM dithiothreitol at room temperature for 1.5 h and alkylated with 10 mM iodoacetamide 3 0 1 at room temperature for 45 min in the dark. Proteins were then digested using modified manufacturer's protocol. Eluted, desalted peptides were dried down to completion using analysis, peptides were diluted to a final concentration of 500 ng/µL using 0.1% formic 3 0 9
acid in water to provide a total injection amount of 500 ng in a 1 µL of sample loop. Peptides were separated and their mass analysed using a Dionex UltiMate 3000
RSLCnano ultra-high performance liquid chromatograph (UPLC) coupled to a Thermo reversed-phase UPLC method was used to separate peptides using a nanoEASE m/z fragmentation. All raw data were searched against the human Uniprot protein database and visualized using Scaffold (v4, Proteome Software).
A cut-off of at least 5 spectral counts per probe was applied for protein selection [90] [91] [92] .
The obtained data were used to generate a heatmap. The abundance values were log 3 2 2 converted (zero values were replaced with infinitely small number "1") and plotted with 3 2 3 R-statistical computing (https://www.r-project.org/), using the "levelplot" package. The
colour key indicates a range between the lowest (black) and the highest (yellow) values.
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Principal components analysis was performed using the prcomp function with default project.org/). The presence of prion-like domains in the proteins was assessed using the PLAAC used Alpha = 0.0, representing species-independent scanning, to identify the PrDs. The other sequencing datasets generated and/or analysed during the current study are available from the corresponding author on reasonable request. VT designed and conducted the experiments. VT and GT analyzed data and wrote the The authors declare that the research was conducted in the absence of any commercial or 3 5 2 financial relationships that could be construed as a potential conflict of interest. the plasma of cancer patients and that of healthy subjects after exposure to the eDNA cancer. Black colour and yellow colours represent low and high spectral counts, 3  7  4  3  7  5  3  7  6  3  7  7  3  7  8  3  7  9  3  8  0  3  8  1  3  8  2  3  8  3  3  8  4  3  8  5  3  8  6  3  8  7  3  8  8  3  8  9  3  9  0  3  9  1  3  9  2  3  9  3  3  9  4 1. Cryan JF, Dinan TG. Mind-altering microorganisms: the impact of the gut 3 9 6 microbiota on brain and behaviour. Nature reviews neuroscience. 2012
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